Background: Dietary glycemic load (GL) and glycemic index (GI) in relation to cardiovascular disease have been investigated in a few prospective studies with inconsistent results, particularly in men. The present EPICOR study investigated the association of GI and GL with coronary heart disease (CHD) in a large and heterogeneous cohort of Italian men and women originally recruited to the European Prospective Investigation into Cancer and Nutrition study.
A

DIET WITH HIGH LEVELS OF
carbohydrates increases plasma triglyceride levels and reduces high-density lipoprotein (HDL) cholesterol levels, [1] [2] [3] in addition to increasing blood glucose and insulin levels, 4 thereby creating a profile expected to increase the risk of cardiovascular disease (CVD). Moreover, postprandial glycemia is now emerging as an independent risk factor for CVD in diabetic and nondiabetic individuals. 5 Carbohydrates vary in their ability to increase postprandial blood glucose levels. The glycemic index (GI), introduced by Jenkins et al in 1981, 6 is a measure of how much a standard quantity of food raises blood glucose levels compared with a standard quantity of glucose or white bread. The GI is thus an indicator of how quickly a carbohydrate can be absorbed as glucose. Because the amount of carbohydrate in a food (or overall diet) can vary and have a variable influence on the postprandial glycemic response, the glycemic load (GL) measure is also used. The GL is the product of the GI of a food item and the available carbohydrate content of that item.
Short-term intervention studies on overweight and hyperlipidemic subjects show that low-GL diets reduce risk factors for CVD, 7 whereas results from prospective studies suggest that low-GL diets can lower risk factors in healthy subjects. 8, 9 With regard to the association between dietary GI/GL and CVD, a recent systematic review on associations between dietary factors and coronary heart disease (CHD) concluded that there was strong evidence of a causal relation between high GI/GL foods and CHD. 10 However, only a few prospective studies have been performed, and these produced inconsistent results, particularly in men. In the Nurses' Health Study, high GI and GL were associated with CHD 8 ; a more recent study found that high GI and GL were associated with CVD in Dutch women. 9 In both studies, 8, 9 the risk was greater in over-weight women. By contrast, neither dietary GI nor GL was associated with CHD in cohort studies on Dutch 11 and Swedish 12 men. The aim of the present study was to provide further information on the relation of dietary GL and GI to CHD risk in a large and geographically heterogeneous cohort of Italian men and women.
METHODS
SUBJECTS
EPICOR is a prospective investigation into the causes of CVD and is being performed on Italian cohorts recruited from 1993 to 1998 as part of the European Prospective Investigation into Cancer and Nutrition (EPIC). 13 14 We then excluded 785 subjects with prevalent CVD at recruitment, 670 who were unavailable for follow-up at time 0, 928 who did not complete dietary or lifestyle questionnaires, and 825 in whom the ratio of total energy intake to basal metabolic rate was at either extreme of the distribution (cutoffs, first and half percentiles). We also excluded those who were being treated for diabetes (402 subjects) and those with missing values of confounding variables, including alcohol consumption, body mass index (BMI, calculated as weight in kilograms divided by the square of height in meters), smoking, hypertension, physical activity, and education (7 subjects). Thus, analyses were conducted on 44 132 subjects (13 637 
BASELINE MEASUREMENTS
Dietary Information
Diet was assessed with the use of semiquantitative foodfrequency questionnaires designed to capture local dietary habits during the previous year. Three questionnaires were developed, including 1 for the northern and central recruitment centers of Varese, Turin, and Florence, 1 for Ragusa, and 1 for Naples. The north-central questionnaire was self-administered; the southern questionnaires were administered by interviewers. All questionnaires were validated. 15 We used specially developed software 16 to estimate the frequency of consumption and average daily consumption of food items from questionnaire responses. These items were then linked to the Italian Food Tables  17 to obtain estimates of nutrient consumption and energy intake.
The GI of food items containing available carbohydrates was estimated by a standardized procedure taking local culinary practices into account and using glucose as the reference food. Briefly, 1123 members (328 men and 795 women) of the Varese EPIC subcohort underwent a 24-hour dietary recall interview, 18 from which 36 436 food items were identified, 16 762 of which contained carbohydrates. After screening for repetitions, 767 carbohydrate-containing food items were identified. The items contributing 95% of total carbohydrate intake were then identified and, in addition, closely similar food items were collapsed to single categories. From literature searches, published GI values of these food categories (or of closely similar foods) were identified, the main sources being the international GI tables 19 and the official Web site of the Glycemic Index of the University of Sydney, Sydney, Australia (http://www.glycemicindex .com). For a total of 159 food items consisting of local commercial foods (eg, biscuits, bread, and pasta) not obtainable from published sources and foods for which the GI varies substantially with preparation method (eg, boiled rice, risotto, and baked rice), GIs were measured directly at the Department of Public Health, Parma University, using a standardized protocol. 20, 21 For commercial foods, best-selling brands were analyzed.
The average dietary GI for each volunteer was calculated as the sum of the GIs of each food item consumed, multiplied by the average daily amount consumed and the percentage of carbohydrate content, all divided by the total daily carbohydrate intake. The GL was calculated similarly except that there was no division by total carbohydrate intake.
We also divided carbohydrate intake between high-and low-GI foods, choosing a GI of 57 as the cutoff. Adoption of this cutoff allowed high-and low-GI foods each to contribute 50% to total carbohydrate intake.
For study participants, the main sources of carbohydrates from high-GI foods were bread (60.8%), sugar or honey and jam (9.1%), pizza (5.4%), and rice (3.2%); the main sources of carbohydrates from low-GI foods were pasta (33.3%), fruit (23.5%), and cakes (18.6%).
Additional Variables
A standardized lifestyle questionnaire was completed by each participant to collect detailed information on reproductive and medical history, physical activity, alcohol consumption, smoking, education, and other socioeconomic variables. Weight and height were measured at enrollment. Blood pressure was measured using standardized procedures. 22 Hypertension was defined as a systolic pressure of at least 140 mm Hg or a diastolic pressure of at least 90 mm Hg. Persons taking antihypertensive medication were also considered hypertensive. Persons reporting a history of treatment for diabetes mellitus at baseline were considered diabetic.
MAJOR CARDIOVASCULAR EVENT ASCERTAINMENT AND VERIFICATION
We had access to mortality and hospital discharge databases and performed record linkage to the EPICOR database, mainly via Social Security numbers, after quality control of the database information. For deceased subjects, death certificates were retrieved, which reported specific causes of death and concomitant diseases coded according to the International Classification of Diseases, Tenth Revision (ICD-10). We also had access to clinical records. At baseline, participants gave informed consent to use clinical data for research.
Suspected coronary deaths were identified from mortality files when ICD-10 codes I20 through I25, R96, and R98 were reported as the underlying cause of death, and when ICD-10 codes E10 through E14, I50, and I70 were reported as the underlying cause in association with ICD-10 codes I20 through I25 as associated conditions. Fatal CHD was assigned after verification against hospital discharge and clinical records.
Persons with suspected CHD were identified by International Classification of Diseases, Ninth Revision, Clinical Modification codes 410 through 414 or procedure codes for coronary revascularization (eg, percutaneous transluminal coronary angioplasty and coronary artery bypass surgery) on hospital discharge forms. Clinical records were always retrieved to verify CHD, which was considered verified when acute myocardial infarction, acute coronary syndrome, or coronary revascularization was present, backed up by information on onset symptoms, levels of cardiac enzymes and troponins, and electrocar-diographic data coded according to the Minnesota Code. 23 Cases were cross-checked with mortality files to identify fatal and nonfatal cases (the later defined as alive 28 days after diagnosis).
Persons with CHD at study entry were identified from the baseline questionnaire, from linkage with hospital discharge records, or by direct examination of clinical records. These cases were excluded. Major CHD prevented recruitment at the Naples center.
FOLLOW-UP
The date of the end of follow-up varied by center because hospital discharge file availability for updating varied as follows: Janu- 
STATISTICAL ANALYSIS
We used multivariate Cox proportional hazards modeling to estimate the relative risks (RRs) of developing CHD in relation to carbohydrate intake; carbohydrate intake from high-and low-GI foods, starch, and sugar; and dietary GI and GL, with stratification by center to control for center effects (particularly differing follow-up). In all models, age was the primary time variable. Dietary variables were categorized in quartiles defined on the whole cohort and were adjusted for total energy intake using the residual method. 24 The following 2 models are presented: one adjusted only for age, the other (multivariate) also adjusted for nonalcohol energy intake, BMI, fiber intake (in grams per day), hypertension (yes or no), smoking (never, former, or current), education (Ͻ8 or Ն8 years), alcohol intake (abstainer, Յ12 g/d, Ͼ12 g/d, or Ͼ24 g/d), and physical activity (inactive, moderately inactive, moderately active, or active). When the multivariate model was used to examine GL and GI, it was also adjusted for saturated fat intake (in grams per day) to take into account the possible confounding effect of the inverse relation of animal fat to GI/GL. In general, adjustment variables were chosen on the basis of their known associations with dietary GI/GL and a priori knowledge of CVD risk factors.
To test for differences between sexes, we combined men and women and added an interaction term multiplying the sex variable (0 for men and 1 for women) by continuous dietary variables. To assess the significance of the interaction, we used a likelihood ratio test that compared the model that included the multiplication term and the model that did not include it. 25 To assess the significance of trends, we used the likelihood ratio test between models that included and omitted the quartile variable. We used commercially available statistical software for all computations (Stata, version 7.0; StataCorp, College Station, Texas). Table 1 shows the baseline characteristics of women by quartiles of energy-adjusted dietary GL. Mean dietary GL increased by approximately 50% from the lowest to the highest quartile, whereas mean dietary GI ranged from 51.7 in the lowest to 55.4 in the highest quartile. Women in the highest quartile of dietary GL consumed more carbohydrates (especially more carbohydrates from high-GI foods) and more fiber but less fat and alcohol than did those in the lowest quartile. Women in the highest dietary GL quartile were also more educated. Table 2 shows baseline characteristics of men by quartiles of energy-adjusted dietary GL. As in women, dietary GL in men increased approximately 50% from the lowest to the highest quartile, whereas mean dietary GI ranged from 52.2 in the lowest to 55.2 in the highest quartile. Men in the highest GL quartile consumed less fat, less alcohol, more carbohydrates (especially from high-GI foods), and more fiber than did those in lower quartiles and were also more educated, smoked more, and a had slightly lower BMI. Men in the highest GL quartile also had hypertension less often, a trend not observed in women. Table 3 shows age-adjusted and multivariate RRs for CHD in women by quartiles of dietary variables. Women in the highest carbohydrate intake quartile had a significantly greater risk of CHD than did those in the lowest (RR, 2.00; 95% CI, 1.16-3.43, multivariate model; P=.02 for trend). We also found that increasing carbohydrate intake from high-GI foods was significantly associated with increasing CHD risk (RR, 1.68; 95% CI, 1.02-2.75 in the highest quartile, multivariate model; P=.04 for trend), whereas increasing the carbohydrate intake from low-GI foods was not.
Women in the second quartile of dietary GI had a significantly greater risk of CHD than did those in the lowest quartile, whereas the association was not significant in the other quartiles and there was no dose-response relationship (P=.46 for trend). Women in the highest di- etary GL quartile had a significantly greater risk of CHD than did those in the lowest quartile (RR, 2.24; 95% CI, 1.26-3.98, multivariate model; P = .005 for trend). Table 4 shows crude and adjusted RRs for CHD in men by quartiles of dietary variables. No significant association of any of these variables with CHD was found.
When we excluded the 2.9% of participants receiving cholesterol-lowering drugs, the results were closely similar to those reported for both sexes (data not shown).
Associations between CHD and dietary GL and carbohydrates differed significantly between men and women (P =.03 for interaction for GL; P= .04 for interaction for carbohydrates). Interactions of GI and carbohydrates from high-and low-GI foods, starch, and sugars with sex were not significant.
Associations between dietary GL and CHD did not change with BMI category (Ͻ25 or Ն25) in either sex (data not shown), although there was insufficient statistical power to detect a supposed interaction.
COMMENT
This is, to our knowledge, the first prospective study to examine the effect of a high glycemic diet on CHD risk in men and women within a single Italian cohort. We found that a high dietary GL was associated with increased CHD risk in women but not men, whereas dietary GI had little or no influence on CHD for either sex. The role of carbohydrates as a risk factor for CHD in women was found to depend on carbohydrate type, with an increased association for carbohydrate intake from high-GI foods but no association for carbohydrate intake from low-GI foods. Thus, a high consumption of car- Abbreviations: CI, confidence interval; GI, glycemic index; GL, glycemic load; RR, relative risk. a Energy adjusted by residual method. b By the interquartile test for trend. c Stratified by center and adjusted for nonalcohol energy intake, hypertension (yes or no), smoking (never, former, or current), education (Ͻ8 or Ն8 y), categories of alcohol intake (abstainer, Յ12 g/d, Ͼ12 g/d, or Ͼ24 g/d), body mass index, fiber intake (in grams per day), and physical activity (inactive, moderately inactive, moderately active, or active).
d Adjusted also for saturated fat intake.
bohydrates from high-GI foods, rather than the overall quantity of carbohydrates consumed, appears to influence the risk of developing CHD. Dietary GL is a complex measure that captures the quality and quantity of carbohydrates consumed. The GL can be lowered by reducing total dietary carbohydrate intake or dietary GI. Our finding that only carbohydrates from high-GI foods increased CHD risk, together with the strong effect of increasing GL on CHD risk, suggests that the effect on CHD is conferred not by a diet high in carbohydrates but by a diet rich in rapidly absorbed carbohydrates. To our knowledge, CHD risk in relation to GL and GI has been examined in 4 previous prospective studies, of which 2 were on women only 8, 9 and 2 were on men only. 11, 12 Both studies on women found that high dietary GL and GI, but not total carbohydrate intake, were associated with increased CHD risk, particularly in overweight women. These findings are in agreement with ours for dietary GL, whereas we found no evidence that BMI modified the effect of dietary GL on CHD risk. This may have been because our study did not have sufficient statistical power to reveal such an association. Furthermore, women in the EPICOR population consumed considerably more carbohydrates than did the US and Dutch women, which might explain why total carbohydrate intake had no influence on CHD risk in the latter studies. In addition, women in the lowest GI quartile of our cohort had both high GL and high total carbohydrate intake, which might explain why we found no evidence of an adverse effect of dietary GI on CHD.
Regarding men, one cohort study 12 found no association of dietary GI and GL with increased CHD risk, as in our study. The other study 11 examined only dietary GI and again found no association with CHD. c Stratified by center and adjusted for nonalcohol energy intake, hypertension (yes or no), smoking (never, former, or current), education (Ͻ8 or Ն8 y), categories of alcohol intake (abstainer, Յ12 g/d, Ͼ12 g/d, or Ͼ24 g/d), body mass index, fiber intake (in grams per day), and physical activity (inactive, moderately inactive, moderately active, or active).
A possible reason for the failure to find an association between a high glycemic diet and CHD among men could be that adverse changes in plasma HDL cholesterol and triglyceride levels, as a result of a high glycemic diet, are stronger risk factors for CVD in women than men, [26] [27] [28] as also noted by Levitan et al. 12 Lipoprotein metabolism is about twice as fast in women as men because of the stimulatory effects of estrogen in women and the inhibitory effects of androgen in men. 26 Lipoprotein changes in response to dietary fat and carbohydrates also differ between the sexes, with greater increases in triglyceride levels, decreases in HDL cholesterol and apolipoprotein AI levels, and smaller increases in lowdensity lipoprotein cholesterol and apolipoprotein B levels in women than men. 26 We had triglyceride and HDL cholesterol level measurements for the Naples subsample of our cohort and found that, as expected, triglyceride levels increased and HDL cholesterol levels decreased as dietary GL increased (Salvatore Panico, MD, oral communication, February 13, 2009 ). We do not currently have data available for men. High dietary GI and GL have been associated with lower HDL cholesterol and higher triglyceride concentrations in cross-sectional studies on women 3 and also with increased prevalence of the metabolic syndrome. 29 A high glycemic diet could also affect the risk of CVD by inducing excessive increases in blood glucose and insulin levels. A close correlation between GI and maximum amplitude of glucose excursion has been demonstrated in more than 1000 foods. 30 Postprandial hyperglycemia may increase oxidative stress, 4 whereas hyperinsulinemia has independent effects on blood pressure, serum lipid levels, coagulation factors, inflammatory mediators, and endothelial function, 4 all of which may increase CHD risk. 31 In a meta-analysis of 38 studies of nondiabetic subjects, increasing glycemia was associated with increasing CVD, 32 more so in women than men and consistent with the similar sex difference seen in diabetic patients. 33 However, the mechanism of this sex difference remains unclear. 34 A meta-analysis of studies on diabetic patients 35 found that the significant difference between men and women for CVD risk disappeared after extensive control for CVD risk factors, suggesting that hyperglycemia in women may be more associated with other CVD risk factors than in men. However, other studies found that adjustment for CVD risk factors did not explain the sex difference and suggested that hyperglycemia may abolish the protective effect of being female on CVD risk. 36 The strengths of our study include its prospective design and the small number of participants lost to followup, limiting the possibility of selection bias. Furthermore, the fact that associations strengthened after adjustment for several recognized risk factors for CVD reduces the possibility of residual confounding. Another study strength, particularly compared with previous cohort studies, is that we used GI values that had mostly been determined on Italian foods. Because the glucose response and probably also the insulin response of a food change with the variety (eg, rice) or the mode of manufacture/preparation (eg, parboiled vs nonparboiled rice and boiled rice vs risotto), the measured GIs of local foods are likely to be more accurate than those derived from international food tables. The validated 15 semiquantitative food-frequency questionnaires were designed to quantify the food items and preparations typically eaten in specific regions of Italy and to enable quantification of the macronutrient content of the diet. However, these questionnaires were not designed to estimate dietary GI and GL, although it was straightforward to apply GI values to the food items consumed. A study by Liu et al 3 on food-frequency questionnaires broadly similar to ours showed that it was possible to accurately estimate dietary GI and GL from questionnaire responses. Another limit of the study is that dietary exposure was based on a single assessment in which participants were asked about eating habits during the preceding year. Some participants may have changed their diet during follow-up, giving rise to some misclassification of exposure that would have weakened diet-disease associations. Furthermore, people do not generally eat single foods but meals in which the GI value of an individual food can vary widely depending on how it is combined with other components, and it is not possible to take such interactions into account using a food-frequency questionnaire. However, strong correlations have been found between observed and calculated GI values of mixed meals based on individual component foods. 37 In conclusion, in this Italian cohort we found that a high dietary GL and the intake of carbohydrates from high-GI foods increase the overall risk of CHD in women but not men. We tentatively suggest that the adverse effects of a high glycemic diet in women are mediated by sex-related differences in lipoprotein and glucose metabolism, but further prospective studies are required to verify a lack of association of a high dietary GL with CVD in men.
